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Description 

TECHNICAL FIELD 

The present invention is directed to an optical meas- 
urement system for determination of an object's profile 
and more particularly to such an optical measurement 
system using two optical heads directing individual light 
beams to different points on the object's surface to meas- 
ure distances of these points from a reference plane by 
triangulation for analyzing the surface profile of the ob- 
ject based upon the measured distances of the two 
points on the object's surface. 

BACKGROUND ART 


In order to obtain a depth or height of a step on the 
surface of an object or thickness of an object by optical 
triangulation measurement, it has been proposed to use 
a pair of optical heads disposed to direct individual light 
beams to different points on the object's surface for 
measuring the positions of these points. The distances 
of these points are processed by triangulation and are 
analyzed to determine the object profile. For example, 
when the two heads are disposed to measure the posi- 
tions of the points spaced along the object's surface for 
measuring individual perpendicular distances to the sur- 
face from a reference plane, the difference of the meas- 
ured distances gives the height or depth of a step ex.st.ng 
. between these two points. On the other hand, when the 
optical heads are disposed on the opposite of the object 
to measure like perpendicular distances of the positions 
of two points on the oppostte surfaces of the object from 
a reference plane selected to be within the thickness of 
the object, the addition ol the measured distances gives 
a thickness of the object at these points. 

In such optical measurement system, the optical 
head is normally designed to have a photo-sensor which 
receives the light beam reflected on a point on the ob- 
ject's surface and provides an output which varies in pro- 
portion to the perpendicular distance of the point from a 
reference plane selected to be generally parallel to the 
object's surface. The output from the head is processed 
in an associated signal processing circuit so as to deter- 
mine a true distance of the point from the reference 
plane. In this connection, when the two heads are con- 
nected to the individual signal processing circuits, there 
is a potential problem that the distances measured in 
these separate processing circuits may include mdivid- 
ualdeviationsordiscrepanciesdueto inherent variations 

in the circuits, for example, temperature characteristic of 
certain elements consisting the circuits. Since these dis- 
crepancies are inherent to the individual circuits, they are 
difficult to be compensated for in obtaining the step tn 
the object's surface and the thickness of the object. 
Thus no reliable analysis is not expected in this system 
having two optical heads connected respecttvely to the 
individual processing circuits. 


EP-A-01 50408 discloses an optical measurement 
system for the remote measuring of an object. The sys- 
tem includes first and second optical heads arranged to 
transmit light on to the surface to be monitored, and to 
s provide first and second outputs which vary in proportion 
to the perpendicular distance from the reference plane 
to a first and second point on the object's surface. The 
outputs are separately processed to provide an indica- 
tion of the thickness of the object. 
10 "The Art of Electronics" second edition, published by 
Cambridge University Press, 1989, pages 143 to 144 in 
an article by Paul Horowitz and Winfield Hill discloses a 
multiplexer which enables the selection of any of several 
inputs as specified by a digital control signal, 
is The above problem has been eliminated in the 
present invention which provides an improved optical 
measurement system for determination of the depth of 
a step in the profile of an object. 

According to a first aspect of the present invention 
so there is provided an optical measurement system for de- 
termination of the depth of a step in a profile of an object, 
said system comprising: 


a first optical head including light projector means 
ss for directing a first light beam on to a first point on a 
surface of the object and including photo-sensor 
means arranged to receive reflected light 1rom said 
first point on the surface.and to provide a first output 
which varies in proportion to the perpendicular dis- 
3 o tance from a reference plane to said first point on 
- the object's surface; 
a second optical head including light projector 
means for directing a second light beam on to a sec- 
ond point on said surface of the object, and including 
3S photo-sensor means arranged to receive reflected 
light from said second point on the surface, and to 
provide a second output which varies in proportion 
to the perpendicular distance from a reference plane 
to said second point on the object's surface; and 
40 circuitry for analysing the surface of the object based 
upon said first and second outputs, 

said system being characterised in further comprising: 

45 switch means for selectively connecting said first 
and second outputs to a single processing circuit, 
said single p recessing circuit being operable to proc- 
ess said first and second outputs in sequence to 
measure by triangulation the . perpendicular dis- 
so tances of said first and second points from said ref- 
erence plane, and to subtract the perpendicular dis- 
tances thereby to determine the depth of the step in 
the profile of the object. 

55 According to a second aspect ol the present inven- 
tion there is provided an optical measurement method 
for determination of the depth of a step in a profile of an 
object, said method using: 
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a first optical head including light projector means 
d reeling a first light beam to a first point on a surface 
ol the object and including photo-sensor means 
receiving a reflected light from said first point on the 
surface and providing a first output which varies in 
proportion to a perpendicular distance from a refer- 
ence plane to said first point on the object's surface- 
a second optical head including light projector 
means directing a second light beam to a second 
point on said surface of the object and including 
photo-sensor means receiving a reflected light from 
sajd second point on the surface and providing a 
second output which varies in proportion to a per- 
pendicular distance from a reference plane to said 
second point on the object's surface; said method 
being characterised by the use of: 


a single processing circuit capable of process- 
ing said first and second outputs to measure by 
regulation the perpendicular distances of said 
first and second points respectively from said 
reference plane and anafysing a surface of the 
object based upon thus measured perpendicu- 
lar distances, 

said method comprising delivering said first out- 
put from said first optical head to said common 
processing circuit for determination of said first 
perpendicular distance and then delivering said 
second output from said second optical head to 
said common processing circuit for determina- 
tion of said second perpendicular distance and 
subtracting said first and second perpendicular 
dBtances thereby to determine the depth of the 
• step m the profile of the object. 

With the use of the single processing circuitry to 
commonry process the first and second outputs from the 
ft s and second optical heads, the positions or perpen- 
dicubr distences of the firs, and second points can be 
obtained through the identical ^angulation processing 

2 fnT7? f measure ™"fc ferthe perpendicula 
d-stancesofthefirstandsecondpoints, thereby assuring 
correspondmgiy reliable determination of the surface 

Accordingly it is a primary object of the present in- 

svs n t^I P H OVide ^ impr ° Ved ° ptica ' ^asurement 

7™ 7» f CaPab ' 8 ° f aSSUrin 9 re,iab,e d **"nina- 
tion of the surface profile of the object 

In a preferred embodiment, the first and second op- 

2 h COntr °" ed t0 project the first a nd second 

ight beams as pulse modulated ones in sequence such 
hat on* one of the first and second (ight beams is di- 
rected to the object surface at a time. With this result it 
s readify possible to avoid any interference between the 

na te tht r^M ^ *** be3mS ' h addiIion to we " discri "> 
aroijnH ii am fr ° m ,h8 0p,ical heads f ™ a back- 
ground illumination. Thus, more reliable determination 


Z^H^T. With0lJt SUff6rin9 fr ° m ""toff erenc. be- 
^een the hghl beams from the first and second optical 
heads and (he background . i(umjn deje I 

therefore another object of the present invention 
nnH n T°H er Preferred embodim ^t. the first and see- 
In 3 COntro " ed 10 P r °i ect and sec- 
ond Ught beams which are pulse modulated to have dif- 
ferent oscillating frequencies from each other. Wrth this 

» the S'b 13 9,30 ST ib ' e 10 8VOid in,erterence b *w - 
the ligh beams of the first and second optical heads as 

we as from the background illumination, yet wthout " 

quiring a sequence control of directing the light beams 

wh chTr fifSt Second °P ,ical head., 

^ J*«h .s therefore a further object of the present invent 

The processing circuit includes a calibrator which 
compensates for variations in the perpendicular distanc- 
es measured respect^ with respect to the first and 
20 if ♦ , PU ' S WhSn direCting ,he firsl and second light 

ST, , S ^ S6C ° nd ^ Se,ectBd on an op 
t-cal flat plane parallel to the reference plane. Thus, pos- 
sible m,salignment between the first and second optical 
heads can be readi^ compensated tor to thereby im- 

« f!Z B m " aSUrement reliabi "ty. which is therefore a still 
« further object of the present inventbn 

Preferably, each of the modulated first and second 
>ght beams .s configured to have high and low levels al- 
ternating to each other so that the corresponding one of 

Ihefirstandsecondopticalheadsproduceshighandlow 
» level values w It h respect to each of the first and second 
outputs. Thus obtained high and low level values are 

' n ^ Pr0CeSSin9 drCuit ,0 obtain a d ^ence 
toe ebetween. The difference is used in the processing 

* olut t 3 U9 Va ' Ue f ° r 6aCh ° f the "* and -con! 
T£? ? meaSUre thS P er P endic "' a ' distance of each 
of the first and second points. In this scheme, therefore 

fTomf a T C " n ^ 1 CCeSSfUlh ' CanCel an V errore re ^'fng 
rom background illumination as well as from variations 

40 rjl! Charac,9ns,ics °f the elements forming the 
40 processing circuity. 

to olol"! 8 ^ 9 an ° ,h9r ° bjSCt ° f the P fesent iwe "«°n 
to provide an improved optical measurement system 

stn,? 1 TT * aSSUrin9 rS,iable ™ a *"ement sub- 
stan .ally free from being influenced from the background 

r ? and Charac,eris,ic in the elements 

rormmg the processing circuit. 

H alo ^ e prOC6ssin 9 circuit is a 'so configured to invali- 
wtn * T 6 !?^ 6 "' ° f ^ firs < and s *™« stances 
so i™ " J" ,' 9 T Va ' Ue eXC9adS 3 P r « d ^ermined max- 
imunr level or the low level value falls below a predeter- 
mined minimum level. That is, when the high and low 
level values are out of a workable range gLn to The 
processmg circuit, the system itself can acknowledge er- 
roneous measurement and disregard the measured re- 
sults for retaining reliable measurement, which is there- 
fore a further object of the present invention 
. These and still otherobjects and advantageous fea- 
tures of the present invention will become more apparent 


from the following description of the preferred embodi- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS. 


FIG 1 is a schematic diagram of an optical meas- 
urement system in accordance with a fuel t embodi- 
ment of the present invention, the system shown for 
measurement of a step in an object surface; 
FIG 2 is a schematic view illustrating a ^-con- 
ductor position sensor device (PSD) employed in the 

S composed of FIGS. 3Ato3G, is a timing chart 
illustrating the operation of the above 
FIG 5 is a schematic diagram of an optical meas 
urement system in accordance with a second 
embodiment of the present invention; 
FIG 6 is a schemata diagram of an optical meas- 
urement system in accordance with ath.rd embodi- 
ment of the present invention; 
FIG 7,composedofFlGS.7Ato7C,isat.mmgchart 

illustrating control signals utilized in a processmg cir- 
cuit of the system; 

f\Q 8 composedofFIGS.8Aand8B,isawaveform 
chart illustrating the operation of the processing c,r- 
RG°9 composed of FIGS. 9A and 9B, is a waveform 
chart illustrating another operation of the protecting 

RriOis F a schematic diagram illustrating a fourth 
embodiment in accordance with the present mven- 

rS " is a schematic circuit diagram illustrating an 
operation of a supervising section incorporated in 
the system of FIG. 10. 
DETAILED DESCRIPTION OF THE INVENTION 


n \ Such measurement or determination of the step's 
depth is usually made with the object running in along 
Sen th of the step or in the direction perpendicular to 
me sheet relative to the first and second opted heads 
5 "o id 20 which are normal* fixed. The lateral d,stance 
batmen the optical heads 1 0 and 20 are suitably select- 
edto measure the positions of the objec s surface on 
both side of the step. In this connects, the heads 10 
and 20 are supported on a suitable frame (not shown) 
» and are held movable relauve to each other ,n o der to 
adjust the lateral distance. Further, the heads 10 and 20 
^movable toward and away from the object surface 
lor fine position adjustment. ■ 
The depth of the steps can be continuous^ determned 
,5 so as to check variations thereof along one d,mens.on of 

°Sst and second optical heads 1 0 and 20 are of 
the identical configuration and each comprises > a t M 
generating element 11,2! driven by a commo^ato 

which is directed through a pro,ector lens 13,23 to an 
ob Let's surface, a semi-conductor position sensing de- 
^ PSD 14,24 receding a laser beam reflected from 
the object surface through a collector lens 15 25. As 
25 shown in FIG. 2, PSD 14,24 has an 

ceiving surface with a pair of terminals .and T 2 at the 
opP osite.,en 9 thwise ends thereof and -^c^edto 
develop currents I, and l 2 at the terminals and T 2 of 
wNch Salues vary depending upon a point of receding 
3 o TeTght These currents 1, and l 2 are fed through indi- 
lidulmplifiers 16, and 18, 

the first and second optical heads 10 and 20. The center 
S PSD is aligned with an optical a*is of the Sector ton. 
Ts 2 5 so that a displacement AX of the receiving po nt 
3 s from the center can be obtained from the following rela- 
tion: 


First embodiment <FIGS. 1 to FIG. 3> 

Referring now to FIG. 1, there is shown an optical 
measurement system in accordance w*h ****** 
Tment of the present invention. ^^^^ 
optica, heads, namely, first optical head 10. 
optical head 20, and a processing circuit 40 connected 

1 o and 20. The first and second optical heads 1 ^0 and 20 
are provided to measure two positions on an ob ect aaur 
Lefor determination of the object's 
the svstem is adapted to determine a depth D of a step 

positions or perpendicular distances Di"^^ 
soaced points from a reference plane PLref by me men 
v^uaToptica. heads 1 0 and 20 and obtain the difference 
between Dl and D 2 as the depth D of the step (0 = 0,- 


AX= (7^y x 2 

4 o wherein L is an effective length of the light receding sur- 

'^kinfinto account for somewhat non-linear char- 
acteSc of PSD, the displacement can be obtained 
more precisely by the following relation: 


AX = 


L 


0) 


wherein k is a constant selected to compensate for the 

^ S back to FIG. 1 , each of the optica, heads 10 
and 20 * disposed wrth an optica, axis of the pro^o 
fens 1 3 23 perpendicular to the object surface and wrth 
an Jttal axis of the collector lens 15,25 ^nedat an 
ZZ of 0 with respect to the perpendicular axis. The 
center of the collector lens 13.23 is spaced along the 
perpend cular axis by a fixed distance Rc from a re.er- 
Tnce ccintorthe pointat which the twooptical axescross 
a anSe o. 9. The reference points of the two optcal 
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heads 10 and 20 therefore define the reference plane 
PL re , perpendicular to the axis of the projecting laser 
beam and is parallel to a general plane of the object sur- 
face. The PSD 14,24 in each head is disposed with its 
photo-sensitive surface perpendicular to the optical axis 
of the collector lens 15,25 and spaced from the center 
of the lens by a focal length f thereof. When the laser 
beam from the optical head is reflected at a point on the 
object's surface spacedf ram the reference point orplane 
PL ref by a distance d along the perpendicular optical ax- 
is the reflected laser beam will impinge on the surface 
of PSD at a point offset from the longitudinal center of 
PSD by a displacement of AX. From this geometrical re- 
lationship, the positioning of the object surface can be 
effected by triangulation through the following equation- 


AY- /-'tan 8 


Rc 
2 

cos 8 


Therefore, combining this equation (2) with the above 
equation (1 ) can give the distance d of the points on the 
object surface from the reference plane Pl^, by incor- 
porating the outputs I, and ! 2 of the PSD. Such arithmetic 
operations are made at the processing circuit 40 

The laser beam generated at the first and second 
optical heads 10 and 20 is modulated by a pulse signal 
from the oscillator 50 such that each optical head re- 
ceives modulated laser beam reflected from the object's 
surface and issues corresponding modulated outputs L 
and | a therefrom. The outputs I, and l 2 are demodulated 
m the processing circuit 40 to give corresponding values 
which are free from background illumination on the ob- 
ject surface and therefore give reliable data for measure- 
ment of the distance D, and D 2 . The pulse signal from 
the oscillator 50 is controlled by a switch controller 30 to 
be fed through a switch 32 alternately to the first and sec- 
ond optical heads 10 and 20 such that the optical heads 
10 and 20 are enabled alternately. The switch controller 
30 also controls the switch 31 for feeding the outputs 
from the first and second optical heads 1 0 and 20 alter- 
nately totheprocessingcircuit 40. The processing circuit 
40, oscillator 50, switch controller 30, and switches 31 
and 32 are assembled into a housing (not shown) and 
the optical heads 10 and 20 are connected to the hous- 
ing through individual cables leading to the switches 31 
and 32. 

The processing circuit 40 comprises a pair of ampli- 
lers 41,, 41 2 , demodulators 42,, 42,, and ana- 
log-to-digital [A/D] converter 43,, 43 2 , in addition to a 
44 ' a digital-to-analog [D/A] converter 45 and 
memories 46 and 47. The outputs I, and l 2 from either 
of the optical heads 1 0 or 20 are amplified and converted 
at the amplifiers 41,, 41 2 into corresponding voltages 
which are then demodulated at 42,, 42 2 to provide ana- 
og signals indicative of the position of the object surface 
free from being influenced by the background illumina- 
tion. The analog signals are converted at the A/D con- 
verters 43, , 43 2 into digital signals for arithmetic opera- 


tion at the CPU 44 tomeasure the perpendicular distanc- 
es p, and 0 2 of the object surface form the reference 

™?L n1 th8 manner as discu ssed hereinbefore 
CPU 44 provides an output indicative of the measure- 
ment result which is converted at D/A converter 45 into 
analog signal for analog indication at an exterior display 
or processing at another device connected to the 
processing circuit. The above operation is illustrated in 
io i j'i C0 7" )0Md of FIQ S. 3A to 3G, in which the outputs 
I, andl 2 ofthefirstoptjcalhead10isshownasa P osJion 
current l A while the I, and l 2 of the second optica, head 
20 is shown as a like position current l B (FIG 3B) The 
current l A and l B are sequentially processed into digital 
signals S A0 and S B0 , S A , and S Bl .... (FIG. 3C) in syn- 
chronism with a switch control signal SW C (FIG L\ 
which effects the changeover of the switches 31 and32 
W to alternately activate the optical heads 10 and 20 and 
process the output from the corresponding one of the 
heads 10 and 20. Digital signals S A0 , S A „ ... and S B0 , 

fc^e" St0red res P ective| y into memories 46 and 47 
(FIGS. 3D and 3E), and are then processed at CPU 44 
to provide outputs or measurement results D n D, D, 
(FIG 3F). The CPU's outputs are thereafter converted 
» , ^ nwerter into continuous analog signals (FIG 
3QJ. In this manner, the measurement is made continu- 
ously while the processing circuit 40 receives the outputs 
of the first and second optical heads 10 and 20 alter- 
nately. 

The CPU 44 is programmed to enable a calibration 
which compensate for any variations in characteristics 
of the electrical components used in the processing cir- 
cuit 40 as well as possible misalignment between the two 
optical heads 1 0 and 20. That is, the calibration is made 
by the use of an optical flat plane to measure two points 
w on the optical flat plane such that the system gives zero 
difference between the measured distances D, and D, 
by incorporating an offset value which is stored in one of 
the memories 46 and 47 or another memory and is sub- 
sequently utilized for providing a correct measurement 


40 


Second embodiment <FIG. 5> 


FIG. 5 illustrates a like optical measurement system 
in accordance with a second embodiment of the present 
« invention which is identical in configuration and opera- 
tion to those of the first embodiment except that a pair of 
first and second oscillators 51 and 52 are included in the 
system for generating at the first and second optical 
heads 10A and 20A modulate laser beams of different 
osc.llat.ng frequencies in order to avoid interference be- 
tween the laser beams from the first and second optical 
heads. In this embodiment, the first and second optical 
heads 10A and 20A are kept activated continuously as 
opposed to the first embodiment where they are alter- 
nately activated. With the inclusion of the two oscillators 
51 and 52, a switch controller 30A is configured to op- 
erate demodulators 42, A and 42 2 A at the correspond- 
ing frequencies by means of a switch 33, in addition to 


attematelytransmittingtheoutputs from the f.rstandsec 
ond optical heads 1 0A and 20 A to a processing unrt 40A 
through a switch 31 A. Like parts or elements are desig- 
nated by like numerals with a suffix letter of A . 

Third embodiment <FIGS. 6 to 9> 

FIG 6 illustrates a like optical measurement system 
in accordance with a third embodiment of the Present in- 
vention which is identical in configuration and operation 
to the first embodiment except that a pur aam- 
ple -and-hold (S/H) circuits 48, and 48, is 
processing circuit 40B in place of the demodulators n 
Lfirst embodiment. Also included in thepr^essig^ 

curt 40B in association with the S/H circuits is a timing 
c lit 55 which generates timed pluses 
based upon the oscillating frequency of the collator 
. 50B PulsesLParefedalternatelytothefirstandsecond 

optical heads 108 and 20B through a switch 32B to gen- 
erate the pulse modulated bser beam of a grvenfrequen 

cy, as shown in FIG. 7A. The resulting laser beams are 
each characterized* have high and to* i levels such that 
each of the first and second optical heads 1 0B andMB 
provides correspondingly high and low level values tor 
each of the outputs I, and l 2 from the ^£ 
PSD 14B within one cycle T of the pulses D n . Pulses SH 
arefedtothe S/H circuits 48, and 48 2 in order to sample 
and hold the high level value for each of the outputs I, 
and , 2 within a half cycle (T/2) of the .aser bearr .gene, 
ating pulses LP and subsequently sample and , hold the 
tow kL value for the same within the other half cycle of 
he pulses LP, as shown in FIG. 7B. In th.s manner the 
high level and low level values within one pulse _the 
reflected laser beam from the object's surface to the PSD 
2 taken and then converted at indrvidual A/D convert- 
ers « 1B and 43 2 B into corresponding high and low dig- 
ital values V H and V L under the control of the pulses CN 
led to the A/D converters as control pulses, as shown in 
FIG 7C Thus obtained digital values are processed at 
the CPU 44B to provide a difference value V de , between 
he high and low level values (V def = V H - V L ) within one 
cycle of the laser beam received at the PSD or each o 
the outputs I, and l 2 from each one of the optical heads 
10B and 20B. This subtractton can therefore cancel any 
variations in characteristics of the electrical components 
in the circurt as well as the background Summation be- 
cause of that such variations will appear equally m the 
hiqh and low level values and can be therefore eliminat- 
ed in the difference value (V* = V H - V L ). This is more 
apparentwhenconsideringthefo.lowingsw.th reference. 

to FIGS BA and 8B which illustrate exemplar.lv he 
Reform of the laser beam received at the PSD and the 
waveform in solid line of the output of the 
or 41 2 B. The output of the amplifier gives high and low 
level value. V H and V L which incl ude. true va ua. V„ 
and V LT {shown in dotted waveform m FIG. 8B) plus he 
variations var of the same extent, as expressed in the 
below. 


V H = v H -r + var 
V L = V LT + var 

5 Therefore, subtraction of V H and V L will cancel the vari- 
ations and results in the difference between the true val- 
ues (VutV lt ). In this manner, the system can extract 
from the outputs I, and l 2 of the PSD of each optical head 
reliable and true data indicative of the pos.t.on of the ob- 
10 ject surface and is therefore capable of reliably measur- 
ing the distances of the indh/idual points on the obiecfs 
surface from the reference plane PL ref for accurate de- 
termination of the depth D of the step in the object sur- 

15 ,aCe The system additionally includes error-free capabil- 
ity of invalidating the measurement when the high level 
value V H or low level value V L goes beyond an allowable 
range R of the A/D converter 4 3l B or 43 2 B. For exam- 
ple as shown in FIG. 9A and 9B, when the level of the 
2 o laser beam receded at the PSD increases remark, 
as shown in FIG. 9A, due to, for example an abrupt in- 
crease in reflectance of the object's surface, an over- 
shooting will occur in the output of the S/H circuit such 
that the A/D converter 4 3l B receives abnormal^ .n_ 
25 creased high level output beyond the allowable range R 
for a while, as indicated by a time interval of T, in RS. 
96 until the correct level output is reached. During tha 
interval A/D converter will generate a maximum level 
value although it does not actual* indicated intensrty 
so of the laser beam received at the PSD and would there- 
tore result in erroneous measurement at CPU However^ 
such erroneous measurement can be avoided by the 
above arrangement which is applied to both of he out- 
puts I, and l 2 of the PSD lor each of the optical heads 
35 10Band20B. 

Fourth embodiment <FIGS. 10 and 11> 

FIG 10 illustrates a like optical measurement sys- 
■ 40 tern in accordance wrth a fourth * ?J 

present invention which is basically identical to the first 
embodiment except that a supervising section 60 a . n- 
cZded in a processing circuit 40C for checking whether 
tlndse^dopfealheadslOCand^Carecorrec* 

45 coupled to corresponding connectors C n and C, d the 
processing circuit 40C. Like elements and components 
aredesignatedbylikenumeralswithasuffixletterof C . 

The connectors C, and C 2 are provided on a housing 
incorporating the processing circuit 40C together with 
so he supervising section 60, an oscillator 50C, a switch 
center 30C, and the switch 31C. For reason d that 
thTre may be some variation in output characteristic of 
Te senate heads 10C and 20C. the calibration is 
made I the system to compensate for ** wna^« 
55 order to give consistent measurement. That is, the 
p^essin circuit 40C is given suitable compensation 
the calibration which is stored in the memory and , uti 
ized in measurement of the individual d.stances of the 
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points on the object" s surface from the outputs of the sep- 
arate heads 10C and 20C. Such compensation can be 
effective provided that the two optical heads IOC and 
20C are correcty coupled to the connectors C, and C, 
of the processing circuit 40C. The correct connection is 
checked at the supervising section 60 for providing con- 
sistent measurements. As shown in FIG. n, the super- 
vising section 60 comprises a pair of first and second 
comparators 61 and 62 and a switch 63 which is control- 
led by CPU of the processing circuit to transmit in se- 
quence different voltage.signals V, and V, for the indi- 
vidual heads 10C and 20C through the connectors C, 
and C 2 . The voltage signals V, and V 2 are issued from 
address signal generators 1 7l and 17 2 , respectively in- 
cluded in the optical heads 10C and 20C In this in- 
stance, the voltage signal V T for the first head 10C is 
obtained from a fixed voltage V through a resistor R, 
wtvle the voltage signal V 2 is obtained directly from the 
teed voltage V. A resistor R2 is connected commonly to 
(+) inputs of the comparators 61 and 62 so that the first 
and second comparators 61 and 62 receive at their M 
inputs the voltage V in = V x +R,) and V in = V re- 
spectn^ely when the first and second optical heads 10C 
and 20C are coupled correctly to the connectors C, and 
^ respectively. The first and second comparators 61 
and 62 have reference voltages V refl and V re(2 {V „ < 
V ref2 ) so that the first comparator 61 outputs a hMevel 
signal when the input voltage V in exceeds the reference 
voltage V rofl and outpuls a L-level signal otherwise, and 
he second comparator 62 outputs a H-level signal when 
the input voltage V in exceeds the reference voftage V „ 
and a L-level signal otherwise. The outputs of the fiS 
and second comparators 61 and 62 are fed to the CPU 
of the processing circuit 40C where they are ana fyzed to 
judge whetherthe heads 10C and20C are correcttycou- 
pled to the associated connectors C, and C 2 . When for 
example, the first comparator 61 outputs the H-level siq- 
nal as indicative of that the either of the head 1 0C or 20C 
is coupled to the connector C,, then the CPU checks 
whether the output of the second comparator 62 and 
judges that the heads 10C and 20C are correctly cou- 
pled to the associated terminals C, and C 2 , respectively 
when the second comparator 62 outputs the H-level sig- 
nal and that the heads 10.C and 20C are mis-coupled 
to the terminals C, and C 2 . respectively or even no con- 
nection is made to the terminal C 2 when the secondcom- 
parator 62 outputs the L-level signal. Further, when the 
first comparator 61 outputs the L-level signal, the CPU 
acknowledges that at least the terminal C, is not con- 
nected to any one of the heads. When the non-connec- 
tion or mis-connection is judged, the system responds to 
disable the measurement and produces a warning signal 
urgmg the user to reconnect the heads to the correcUer- 
minals. Instead of using the voltage signals differentiated 
bytheuseof the resistor R„ ft is equally possible to pro- 
vide coded signals from the individual heads so that the 
processmg circuit can acknowledge the heads by anal- 
ysis of the coded signals. 
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It should be noted that the present invention should 
not be limited to the two-head measurement system and 
may includes three or more optical heads for analyzing 
the objec s surface in view of three or more points on 
the objects surface. In such modification also, thesingle 
processing circuit is responsible for measurement of the 
ind.vidual distances or positions of these points from the 
outputs of the individual optical heads. 

Claims 


1. 


An optical measurement system for determination 
of the depth of a step in a profile of an object, sard 
'* system comprising:*' 

a first optical head (10) including light projector 
means (11,12,13) for directing a first light beam 
on to a first point on a surface of the object and 
including photo-sensor means (14) arranged to 
receive reflected light from said first point on the 
surface, and to provide a first output which var- 
ies in proportion to the perpendicular distance 
(01) from a reference plane (PLref) to said firsl 
point on the object's surface; 
a second optical head (20) including light pro- 
jector means (21 , 22, 23) for directing a second 
light beam on to a second point on said surface 
of theobject, and including photo-sensor means 
(24) arranged to receive reflected light from said 
second point on the surface, and to provide a 
second output which varies in proportion to the 
perpendicular distance (D2) from a reference 
plane (PLref) to said second point on the 
object's surface; and 

circuitry for analysing the surface of the object 
based upon said first and second outputs, said 
system being characterised in further compris- 
ing: 

switch means (31) for selectiveV connecting 
said first and. second outputs to a single 
processing circuit (40), said single processing 
circuit (40) being operable to process said first 
and second outputs in sequence to measure by 
tnangulation the perpendicular distances (D1, 
D2) of said first and second points from said ref- 
erence plane (PLref), and to subtract the per- 
pendicular distances (D1 , D2) thereby to deter- 
mine the depth of the step in the profile of the 
object. 

An optical measurement system as set forth in claim 
1, wherein said first and second optical heads (10 
20) are controlled to prqect in sequence said first 
and second pulse modulated light beams (I,, L) 
said processing circuit (40) including demodulator 
means (42,, 42 a ) effective to demodulate said first 
and second outputs (I, , l 2 ) and means for process- 
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ing the resulting demodulated signals in order to 
measure said perpendicular distances (D1, D2). 

An optical measurement system as set forth in claim 
1 wherein said first and second optical heads ( 1 0A, 
20A) are arranged to project first and second hgh 
beams which are pulse modulated to have different 
oscillating frequencies from each other said 
processing circuit (40A) including d«°**rtor 
means (42,A. 4%A) effective to demodulate said 
first and second outputs in order to enable process- 
ing of the resulting demodulated signals so as to 
measure said perpendicular distances (D1 , D2). 

, An optical measurement system as set forth in claim 
' 1 wherein said processing circuit (40) includes cal- 
ibration means which compensates for variations in 
said perpendicular distances (D1, D2) measured 
respectively with respect to said first and second 
outputs from said first and second optical heads 
(10B 20B) when directing said first and second light 
beams to said first and second points selected on 
an optical flat plane parallel to said reference plane 
(PLref). 2S 

5 An optical measurement system as set forth in claim 
, or 4 further including means for ad|ust.ng the 
spacing between the optical axes of said first and 
second light beams along a direction perpendicular 
to said optical axes. 

6 An optical measurement system as set forth in claim 
' 1 wherein said first and second light beams are 

modulated, each beam comprising alternating high 
and low levels so that said first and second optica 
heads (10B, 20B or 10C, 20C) produce high leve 
and low level values with respect to each of said first 
and second outputs, said processing circuit (40B or 
40CV including level detection means for calculating 
a difference between said high and low level values 
for each of said first and second outputs and for 
using said difference as a true value for each of said 
first and second outputs in order to measure said 
first and second perpendicular distances (D1 , DZ). ^ 

7 An optical measurement system as set forth in claim 
6 wherein said level detection means comprises a 
sample-and-hold circuit (48, , 43 2 ) which operates in 
synchronism wrth said pulse modulated first and 
second light beams so as to obtain sa>d high and low 
levelvaluesforeachofsaidfirstand second outputs. 

8 An optical measurement system as set forth in claim 
' 6, wherein said processing circuit C40C) includes 
error detecting means (61 , 62) which invalids es the 
measurement of said first and second distances 
whensaidhighlevelvalueexceedsapredeterm^ed 

maximum level or said low level value falls below a 


predetermined minimum level. 
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An optical measurement method for determination 
of the depth of a step in a profile of an object, sa.d 
method using: 

a first optical head (10) including light projector 
means (11, 12, 13) directing a first light beam to 
a first point on a surface of the object and includ- 
ing photo-sensor means (14) receiving a 
reflected light from said first point on the surface 
and providing a first output which varies in pro- 
portion to a perpendicular distance (D1) from a 
reference plane (PLref) to said first point on the 
object's surface; 

a second optical head (20) including light pro- 
jector means (21, 22, 23) directing a second 
light beam to a second point on said surface of 
the object and including photo-sensor means^ 
(24) receiving a reflected light from said second 
point on the surface and providing a second out- 
put which varies in proportion to a perpendicular 
distance from a reference plane to said second 
point on the object's surface; 

said method being characterised by the use of: 

a single processing circuit (40) capable of 
processing said first and second outputs to 
measure by triangulation the perpendicular dis- 
tances (D1 , D2) of said first and second points 
respectively Irom said reference plane (PLref) 
and analysing a surface of the object based 
upon thus measured perpendicular distances 

(D1.D2), JC , . 

said method comprising delivering sa.d first out- 
put from said first optical head (10) to said com- 
mon processing circuit (40) for determination of 
said first perpendicular distance (D1) and then 
delivering said second output from said second 
optical head (20) to said common processing 
circuit (40) for determination of said second per- 
pendicular distance (D2), and subtracting said 
first and second perpendicular distances (D1, 
D2) thereby to determine the depth of the step 
in the profile o1 the object. 


Patentanspruche 

1 OptischesMeBsystemzumErmittelnderTiefeeiner 
' stufe im Profil eines Gegenstands, das folgendes 
aufweist: 

. einen ersten optischen Kopf (10) mit einerUcht- 
projiziereinrichlung (11 , 12, 1 3) zum Lenken ei- 
nes ersten Lichtstrahls auf einen ersten Punkt 
auf einerOberflache des Gegenstands, und mrt 
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Biner Lichtsensoreinrichtung (14), die so ange- 
ordnet ist, daB sie vom ersten Punkt auf der 
Oberflache reflektiertes Licht empfangt, urn ein 
erstes Ausgangssignal zu erzeugen, das sich 
proportional zum rechtwinkligen Abstand (D1) s 
des ersten Punkts auf der Gegenstandsoberf la- 
che von einer Bezugsebene (PLref) andert; 
• einen zweiten optischen Kopf (20) mit einer 
Lichtprojiziereinrichtung (21. 22, 23) zum Len- 
ken eines zweiten Lichtstrahls auf einen zwei- 10 
ten Punkt auf einer Oberflache des Gegen- 
stands, und mit einer Lichtsensoreinrichtung 
(24), die so angeordnet ist, daB sie vom zweiten 
Punkt auf der Oberflache reflektiertes Licht 
empfangt, urn ein zweites Ausgangssignal zu *s 
erzeugen, das sich proportional zum rechtwink- 
ligen Abstand (D2) des zweiten Punkts auf der 
Gegenstandsoberflache von der Bezugsebene 
(PLref) andert; 

- eine Schaltung zum Analysieren der Gegen- so 
standsoberflache aul Grundlage des ersten und 
zweiten Ausgangssignals; 

wobei das System durch folgendes gekennrelch- 
net ist: Z5 

- eine Umschalteinrichtung (31) zum selektiven 
Verbinden das ersten und zweiten Ausgangssi- 
gnals mit einer einzelnen Verarbeitungsschal- 
tung (40), die so betreibbar ist, daB sie das erste 30 
und zweite Ausgangssignal aufeinanderfolgend 
mittels einer Triangulation der rechtwinkligen 
Abstande (D1, D2) des ersten und zweiten 
Punkts von der Bezugsebene (PLref) mi3t und 

sie die rechtwinkligen Abstande (01 , D2) sub- 3$ 
trahiert, urn dadurch die Tiefe der Stufe im Profil 
des Gegenstands zu enmitteln. 

Optisches MeBsystem nach Anspruch 1, bei dem 
der erste und zweite optische Kopf (10, 20) so 40 ; 
gesteuert werden, daS sie den "ersten und zweiten 
impulsmodulierten Lichtstrahl (I,, f 2 ) aufeinanderfol- 
gend abstrahlen, wobei die Verarbeitungsschaltung 
(40) eine Demodulatoreinrichtung (42,, 42 2 ), die so 
arbeitet, daB sie das erste und zweite Ausgangssi- « 
gnal (l 1( l 2 ) demcduliert. und eine Einrichtung zum 
Verarbeiten der sich ergebenden demodulierten 
Signale aufweist, urn die rechtwinkligen Abstande a 
(D1 , D2) zu messen. 

so 

Optisches MeBsystem nach Anspruch 1, bei dem 
der erste und zweite optische Kopf (10A, 20A) so 
ausgebildet sind, daB sie einen ersten und einen 
zweiten Lichtstrahl abstrahlen, die so impulsmodu- 
liert sind, daB sie voneinander verschiedene ss 
Schwingungsfrequenzen aufweisen, wobei die Ver- 
arbeitungsschaltung (40A) eine Demodulatorein- 9. 
richtung (42, A, 42 2 A), die so arbeitet, daB sie das 


erste und zweite Ausgangssignal demoduliert, und 
eine Einrichtung zum Verarbeiten der sich ergeben- 
den demodulierten Signale aufweist, urn die recht- 
winkligen Abstande {D1, D2) zu messen. 

4. Optisches MeBsystem nach Anspruch 1, bei dem 
die Verarbeitungsschaltung (40) eine Kalibrierein- 
richtung enthalt, die Abweichungen zwischen den 
rechtwinkligen Abstanden (D1 . D2) wie jeweils aus 
dem ersten und zweiten Ausgangssignal vom ersten 
und zweiten optischen Kopf (10B, 20B) gemessen, 
kompensiert, wenn der erste und zweite Lichtstrahl 
auf den ersten und zweiten Punkt gerichtet werden, 
die auf einer optischen Ebene parallel zur Bezugs- 
ebene (PLref) ausgewahlt sind. 

5. Optisches MeBsystem nach einem der Anspruche 
1 Oder 4, femermit einer Einrichtung zum Einstellen 
des Abstands zwischen den optischen Achsen des 
ersten und zweiten Lichtstrahls entlang einer Rich- 
tung rechtwinWig zu den optischen Achsen. 

6. Optisches MeBsystem nach Anspruch 1. bei dem 
der erste und zweite Lichtstrahl moduliert werden, 
wobei jeder Lichtstrahl abwechselnd einen hohen 
und niedrigen Pegel aufweist, so daB der erste und 
zweite optische Kopf (10B, 20B oder 10C, 20C) 
Werte mit hohem Pegel und niedrigem Pegel hin- 
sichtlich sowohl des ersten als auch zweiten Aus- 
gangssignals erzeugen, wobei die Verarbeitungs- 
schaltung (40B oder 40C) eine Pegelerkennungs- 
einrichtung aufweist, urn die Differenz zwischen den 
Werten mit hohem und niedrigem Pegel fur jeweils 
das erste undzweite Ausgangssignal zu berechnen, 
und urn die Differenz als richtigen Wert fur das erste 
und zweite Ausgangssignal zu verwenden, urn den 
ersten und zweiten rechtwinkligen Abstand (D1 , D2) 
zu messen. 

'. Optisches MeBsystem nach Anspruch 6, bei dem 
die Pegelerfassungseinrichtung eine Abt- 
ast/Halte-Schaltung (49,, 48 2 ) umfaBt, die synchron 
mit dem impulsmodulierten ersten und zweiten 
Lichtstrahl arbeitet, urn Werte mit hohem und nied- 
rigem Pegel sowohl fur das erste als auch zweite 
Ausgangssignal zu erhalten. 

. Optisches MeBsystem nach Anspruch 6. bei dem 
die Verarbeitungsschaltung (40C) eine Fehlererken- 
nungseinrichtung (61 , 62) aufweist, die die Messung 
des ersten und zweiten Abstands ungultig macht, 
wenn der Wert mit hohem Pegel einen vorgegebe- 
nen maximalen Pegel ubersteigt oder wenn der 
Wert mit niedrigem Pegel unter einen vorgegebenen 
Minimalpegel fallt 

Optisches MeBverfahren zum Ermitteln der Tiefe 
einer Stufe im Profil eines Gegenstands, das folgen- 
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einen ersten optischen Kopf (1 0) mil einer Licht- 
projiziereinrichtung (1 1 , 1 2, 1 3) zum Lenken ei- 
nes ersten Lichtstrahls auf einen ersten Punkt s 
auf einer Oberflache des Gegenstands, und mit 
einer Lichtsensoreinrichtung (14), die so ange- 
ordnet ist, daf3 sie vom ersten Punkt auf der 
Oberflache reflektiertes Licht empfangt, um ein 
erstes Ausgangssignal zu erzeugen, das sich io 
proportional zum rechtwinkligen Abstand (D1) 
des ersten Punkts auf der Gegenstandsoberfla- 
che von einer Bezugsebene (PLref) andert; 
. einen zweiten optischen Kopf (20) mit einer 
Lichtprojiziereinrichtung (21 , 22, 23) zum Len- « 
ken eines zweiten Lichtstrahls auf einen zwei- 
ten Punkt auf einer Oberflache des Gegen- 
stands, und mit einer Lichtsensoreinrichtung 
(24), die so angeordnet ist, dafi sie vom zweiten 
Punkt auf der Oberflache reflektiertes Licht 20 
empfangt, um ein zweites Ausgangssignal zu 
erzeugen, das sich proportional zum rechtwink- 
ligen Abstand des zweiten Punkts auf der Ge- 
genstandsoberflache von der Bezugsebene an- 
dert; 

wobei das Verfahren durch die Verwendung von fol- 
gendem gekennzelchnet ist: 

- einer einzelnen Verarbeitungsschaltung (40), 30 
die das erste und zweite Ausgangssignal verar- 
beiten kann, um durch Triangulation die recht- 
winkligen Abstande (D1, D2) des ersten und 
zweiten Punkts jeweils von der Bezugsebene 
(PLref) zu messen und eine Oberflache des Ge- 35 
genstands auf Grundlage der so gemessenen 
rechtwinkligen Abstande (D1, D2) zu analysie- 
ren; 

- wobei das Verfahren folgendes umfaBt: Ausge- 
ben des ersten Ausgangssignals vom ersten « 
optischen Kopf (10) an die gemeinsame Verar- 
beitungsschaltung (40), um den ersten recht- 2. 
winkligen Abstand (D1) zu ermitteln, und an- 
schliefJendes Ausgeben des zweiten Aus- 
gangssignals vom zweiten optischen Kopf (20) « 

an die gemeinsame Verarbeitungsschaltung 
(40), um den zweiten rechtwinkligen Abstand 
(D2) zu ermitteln, und Subtrahieren des ersten 
und zweiten rechtwinkligen Abstands (D1, D2), 
um dadurch die Tiefe der Stufe im Prof il des Ge- so 
genstands zu ermitteln. 


Revendications 

1 Systems de mesure optique pour la determination 
de la profondeur d'un pas dans le profil d'un objet, 
ledit systeme comprenant: 
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une premiere tete optique (10) avec des 
moyens de projection de lumiere (11, 12, 13) 
pour dinger un premier faisceau de lumiere vers 
un premier point sur la surface de I'objet et com- 
prenant des moyens capteurs lumineux (14) 
susceptibles de recevoir la lumiere reflechie en 
provenance dudit premier point sur la surface, 
et def ournir un premier signal de sortie qui varie 
en proportion de la distance (D, ) entre ledit pre- 
mier point sur la surface de I'objet et un plan de 
reference (PL ref ); 

une seconde tSte optique (20) avec des moyens 
de projection de lumiere (21 , 22, 23) pour diriger 
un second faisceau de lumiere vers un second 
point sur la surface de I'objet et comprenant des 
moyens capteurs lumineux (24) susceptibles de 
recevoir la lumiere reltechie en provenance du- 
dit second point sur la surface, et de fournir un 
second signal de sortie qui varie en proportion 
de la distance (D 2 ) entre ledit second point sur 
la surface de I'objet et un plan de reference 
(PL r8f ); et 

- des circuits d'analyse de la surface de I'objet en 
fonction desdits premier et second signaux de 
sortie; 

ledit systeme etant caracterise en ce qu'il comprend 
en outre: 

- des moyens de commutation (31 ) pour relier se- 
lectivement lesdits premier et second signaux 
de sortie a un circuit de traitement unique (40), 
ledit circuit de traitement unique (40) elant sus- 
ceptible de fonctionner pour traiter lesdits pre- 
mier et second signaux de sortie en serie pour 
mesurer par triangulation les distances (D v D 2 ) 
entre lesdits premier et second points et ledit 
plan de reference (PL^,), et pour soustraire les 
distances (D n , D 2 ) afin de determiner la profon- 
deur du pas dans le profil de I'objet. 

Systeme de mesure optique selon la revendication 
1 dans lequel lesdrtes premiere et seconde tetes 
optiques (10, 20) sont commandees pour projeter 
en serie lesdits premier et second faisceaux lumi- 
neux modules en impulsions (l v l 2 ), ledit circuit- de 
traitement (40) comprenant des moyens de demo- 
dulation {42, . 42 2 ) susceptibles de demoduler les- 
dits premier et second signaux de sortie (I, et l 2 ) et 
des moyens de traitement des signaux demodules 
resultants pour la mesure desdites distances (D,. 
Da). 

Systeme de mesure optique selon la revendication 
1. dans lequel lesdites premiere et seconde tetes 
optiques (10A, 20A) sont disposees de sorte a pro- 
jeter des premier et second faisceaux lumineux qui 
sont modules en impulsions pour presenter des Ire- 
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4. 


5. 


quences d'oscillations differentes I'une de I'autre 
ledit circuit de traitement (40A) comprenant des 
moyens de demodulations (42, A. 42 2 A) suscepti- 
bles de demoduler lesdits premier et second 
signaux de sortie af in de permettre un traitement des 
signaux demodules resultants pour mesurer desdi- 
tes distances (D 1f D 2 ). 

Systems de mesure optique selon la revendication 
1, dans lequel ledit circuit de traitement (40) com- 
prend des moyens d'elalonnage qui compensent les 
vanatwns dans lesdites distances (D v D 2 ) mesu- 
rees respectivement a partir desdits premier et 
second signaux de sortie en provenance des pre- 
miere et seconde tetes optiques (10B. 20B) lorsque 
Con dirige lesdits premier et second faisceaux lumi- 
neux vers lesdits premier et second points choisis 
sur un plan optique plat parallele audit plan de refe- 
rence (PL re( ). 

Systeme de mesure optique selon la revendication 
1 ou 4, comprenant en outre des moyens de reglage 
de la distance entre les axes optiques desdits pre- 
mier et second faisceaux lumineux le long d'une 
directbn perpendiculaire auxdits axes optiques. 

Systeme de mesure optique selon la revendication 
1, dans lequel lesdits premier et second faisceaux 
lumineux sont modules, chaque faisceau compre- 
nant des niveaux haut et bas alternes, de telle sorte 
que lesdites premiere et seconde teles optiques 
(10B, 20B ou 10C, 20C) produisent des valeurs de 
niveau haut et de niveau bas sur chacun desdits pre- 
mier et second signaux de sortie, ledit circuit de trai- 
tement (40B ou 40C) comprenant des moyens de 
detection de niveau pourcalculer la difference entre 
lesdrtes valeurs de niveau haut el de niveau bas 
pour chacun desdits premier et second signaux de 
sortie, et pour utiliser cette difference en tant que 
valeur reelle pourchacun desdits premier et second 
signaux de sortie afin de mesurer lesdites premiere 
et seconde distances (D,, D 2 ). 
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Systeme de mesure optique selon la revendication 
6, dans lequel lesdits moyens de detection de « 
niveau comprennent un circuit cfechantillonnage et 
de maintien (48,, 49 2 ) qui fonctionne de facon syn- 
chrone auxdits premier et second faisceaux lumi- 
neux modules en impulsions, de sorte a obtenir des 
valeurs de niveau haut et de niveau bas pour chacun so 
desdits premier et second signaux de sortie. 

Systeme de mesure optique selon la revendication 
6, dans lequel ledit circuit de traitement (40C) com- 
prend des moyens de detection d'erreur (61 , 62) qui ss 
invaiident la mesure desdites premiere et seconde 
distances lorsque ladite valeur de niveau haut 
depasse un niveau maximum predetermine ou lors- 
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que ladite valeur de niveau bas tombe en-dessous 
d un niveau minimum predetermine. 

Precede de mesure optique pour la determination 
de la profondeur d'un pas dans le profil d'un objet 
ledit procedS utilisant: 

- une premiere tete optique (10) comprenant des 
moyens de projection delumidre (11, 12, 13)di- 
rigeant un premier faisceau de lumiere vers un 
premier point sur la surface de I'objet et com- 
prenant des moyens decapteurs lumineux (14) 
recevant la lumiere reflechie en provenance du 
premier point sur la surface et fournissant un 
premier signal de sortie qui varie en proportion 
a la distance (D,) entre ledit premier point sur 
la surface de I'objet et un point de reference 

■ une seconde tete optique (20) comprenant des 
moyens de projection de lumiere (2 1 , 22, 23) di- 
rigeant un second faisceau de lumiere vers un 
second point sur la surface de I'objet et compre- 
nant des moyens de capteurs lumineux (24) re- 
cevant la lumiere reflechie en provenance du 
second point sur la surface et fournissant un se- 
cond signal de sortie qui varie en proportion a 
la distance entre ledit second point sur la surfa- 
ce de I'objet et un point de reference; 

ladite methode etant caracterisee en ce qu'elle uti- 
lise: 

- un circuit de traitement unique (40) susceptible 
de traiter lesdits premier et second signaux de 
sortie pour mesurer par triangulation les distan- 
ces respectives (D, , D 2 ) entre lesdits premier et 
second points et ledit plan de reference, et sus- 
ceptible d'analyser la surface de I'objet en fonc- 
tion des distances {D„ D 2 ).ainsi mesurees; 

ladite methode comprenant la foumiture dudit pre- 
mier signal de sortie en provenance de ladite pre- 
miere tete optique (10) audit circuit de traitement 
commun (40) pour determiner ladite premiere dis- 
tance (D, ), puis la fourniture dudit second signal de 
sortie en provenance de ladite seconde tete optique 
(20) audit circuit de traitement commun (40) pour 
determiner ladite seconde distance (D 2 ) et la sous- 
traction desdites premiere et seconde distances 
(D 1( D 2 ) afin de determiner la profondeur du pas 
dans le profil de I'objet. 
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Fig. 2 
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